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uted to the formation of adhesive junctions [3]. The cis
interaction was thought to occur between two parallel
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C-Cadherin Ectodomain Resolved domains in which the Trp2 residue from one domain
inserted into a hydrophobic pocket on the adjacent do-
main. The adhesive interface was attributed to a 3300 A˚2
In a recent issue of Science, Boggon et al. report the interfacial region between NCAD1 domains that con-
structure of the full-length C-cadherin ectodomain tained an HAV sequence, which was proposed to be a
(CCAD1-5). Previous cell adhesion and direct force recognition motif akin to the RDG sequence for integrins
measurements demonstrated that the CCAD1-5 ecto- [3]. Mutagenesis studies have since shown that the latter
domain is a functionally active adhesion molecule, and is not a functional interface [4]. Additionally, subsequent
thus the determination of its structure is a significant structures of epithelial cadherin domains 1 and 2
achievement. (ECAD1 and ECAD12) exhibited different domain con-
tacts. ECAD12 revealed a putative cis junction in the
Cadherins are calcium-dependent cell surface glycopro- calcium binding ECAD1/ECAD2 linker region [5]. Finally,
teins that mediate cell adhesion and sorting during de- in some reports, the Trp2 residue was free or even bound
velopment and maintain the normal architecture of adult to the hydrophobic pocket of the same molecule [5, 6].
tissues. The extracellular region of classical cadherins These findings challenged the functional significance of
comprises five similar, tandemly arranged domains [1]. the putative cis and trans interfaces.
Determining the mechanism of cadherin adhesion con- While the N-terminal domain of cadherin is clearly
tinues to be a topic of active investigation. Among the important for function, other studies have implicated
principle questions are how the architecture of this mol- additional domains in adhesion. Direct measurements
ecule determines cadherin function and which domains of the force developed between two cadherin mono-
mediate adhesion. A key role of the N-terminal domain layers at different separations indicated that the C-cadh-
(CAD1) in cell adhesion was suggested by an elegant erin ectodomain (CCAD1-5) can bind in three different
experiment in which the exchange of N-terminal do- alignments [7]. Two of these configurations are inconsis-
mains from different cadherins switched the cadherin tent with direct CAD1/CAD1 binding. The strongest ad-
tissue specificity [1]. However, an additional complicat- hesion was at an intermembrane separation of 250 5 A˚,
ing feature is the substantial evidence that pairs of cadh- which corresponds to interactions between antiparallel
erin molecules from the same cell can form cis dimers proteins along their full length. Sivasankar et al. also
through lateral interactions between the domains [2]. measured adhesion between partially overlapping pro-
These cis interactions are thought to activate the adhe- teins [7]. A third interaction was attributed to either
sive function of cadherin. Studies suggest that cell-cell CCAD1 or CCAD12 binding [7]. Studies with deletion
adhesion activity through trans interactions depends on mutants were consistent with the force data. By generat-
cis dimerization (see Figure), but the link between the ing a series of domain deletion mutants, Chappuis-Fla-
two binding modes remains unresolved. ment et al. [8] showed that CCAD12 fragments were poor
The structures of these molecules or their fragments adhesion molecules, whereas domains 1–3 (CCAD1–3) are
can provide insights into how different regions of the minimally required for appreciable cell adhesion in shear
protein may contribute to both cis dimerization and trans flow or for bead aggregation.
(adhesive) interactions. However, it is essential that the The full-length C-cadherin ectodomain structure con-
functional significance of these contacts be verified ex- tains some surprises and some features similar to those
perimentally. In 1995, Shapiro and coworkers published observed in prior structures or suggested by mutagene-
the structure of the N-terminal domain of neural cadherin sis studies. Significantly, as was observed in the N-ter-
(NCAD1) [3]. Ascribing functional significance to domain minal domain of neural cadherin [3], the structure of the
contacts in the crystal, they proposed a model in which full-length ectodomain shows a Trp2 insertion into the
hydrophobic pocket of the N-terminal domain. This re-both cis and trans N-terminal domain contacts contrib-
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curring Trp2/ pocket association, together with a signifi-
cant body of mutagenesis data, suggests that this inter-
action is important for cadherin function in general.
Although this has been attributed to cis dimerization,
one surprise in the new structure is that the Trp2 comes
from a second cadherin in a trans orientation. Boggon
et al. [4] suggest that this may be the adhesive interface.
The 2-fold symmetry of the hydrophobic binding site
allows for both cis and trans orientations. This structure,
together with several others, shows the relative promis-
cuity of the Trp2-hydrophobic pocket interaction [5, 6].
Solving the puzzle of the functional role of these interac-
tions continues to present a challenge.
The gentle bend in the structure of full-length cadherin
[4] results in a putative end-to-end binding distance of
245 A˚, which is consistent with some force data and
with EM images of adherens junctions. This configura-
tion would generate adhesion at a single intermembrane
distance of 245 A˚, if the protein were rigidly bent. How-
ever, the range of ECAD1-5 bend angles in electron Proposed Model for Cadherin-Mediated Cell-Cell Adhesion
microscopy images indicates that the protein is some- Cadherin monomers on opposed cell membranes form lateral or cis
dimers. These cadherin dimers are then capable of mediating cellwhat flexible [5, 6], so that binding could occur over a
adhesion by forming trans adhesive interactions with cis dimers oncontinuous range of distances. Additionally, the range of
the opposed membrane. The trans binding may involve interactionsthe measured steric force between cadherin monolayers
between the outermost domains or interactions between completely
indicates that the proteins do fully extend [7]. Moreover, interdigitated proteins from both membranes.
CCAD1-5 also bound at two discreet distances greater
than 245 A˚, one of which is close to the distance pre-
tional studies are still needed to fully understand the
dicted by the earlier model [7]. Thus, although the dis- molecular basis of cadherin adhesion.
tance spanned by the two proteins is consistent with
some of the force data, this structure does not account Deborah Leckband
for other significant features of the force measurements. Department of Chemical and Biomolecular
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